This work investigates the photoluminescence ͑PL͒ properties of Mn 2ϩ -doped fluorites in CaF 2 , BaF 2 , SrF 2 , and in solid solutions Ca 1Ϫx Sr x F 2 . In particular, we focus on the radiationless processes leading to the surprising disappearance of the Mn 2ϩ PL on passing from CaF 2 : Mn 2ϩ to SrF 2 : Mn 2ϩ or BaF 2 : Mn 2ϩ . For this purpose emission, excitation, lifetime, and time-resolved spectroscopy as a function of pressure and temperature are carried out in these compounds as well as in the Ca 1Ϫx Sr x F 2 :Mn 2ϩ (xϭ0 -1) series using pressure spectroscopy. We show that the quenching of PL in these systems is associated with nonradiative thermal activated processes whose activation energy and pre-exponential rates strongly depend on the crystal volume irrespective of the chemical composition of the host crystal. A salient feature of this work deals with the increase of activation energy induced by pressure, whose variation with the lattice parameter is given by E a (eV)ϭ1.02-2.64 (a-5.46), with a(CaF 2 )ϭ5.46 Å. It leads to a PL quantum yield enhancement, which favors appearance of Mn 2ϩ PL even in the non-PL systems SrF 2 :Mn 2ϩ and BaF 2 :Mn 2ϩ . Furthermore, the activation energy mainly depends on the crystal volume per molecule irrespective of the crystal structure or the local symmetry around the impurity. In this way, the relevance of the fluorite-to-cotunnite phase transition to enhance PL is analyzed. This enhancement is explained in terms of the large volume reduction at the phase transition, as well as by the presence of low-symmetry crystal fields attained at the cation site yielding an increase of the radiative transition rate by the electric-dipole mechanism.
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I. INTRODUCTION
The photoluminescence ͑PL͒ properties of Mn 2ϩ -doped MF 2 (MϭCa, Sr, Ba͒ fluorites have been matter of great interest because of their relevance as scintillators, phosphors and, in general, basic systems for the understanding of optical materials. [1] [2] [3] [4] [5] Particularly, these doped crystals are attractive since Mn 2ϩ occupies the cation site of the fluorite structure with eightfold coordination, i.e., cubal complex MnF 8
6Ϫ
͑Refs. 1, 6 -10͒ ͑see Fig. 1͒ . This coordination provides a crystal-field ͑CF͒ at Mn 2ϩ which is lower than that attained in sixfold octahedral coordination like Mn 2ϩ -doped AMF 3 (AϭRb, K, Cs; MϭMg, Zn, Ca͒ fluoroperovskites. 11 The CF parameters, 10Dq, are about 0.5 and 1 eV for MnF 8 6Ϫ and MnF 6 4Ϫ , respectively, and, according to the Tanabe-Sugano diagram for d 5 ions, 12 are responsible for the green and red PL exhibited by Mn 2ϩ in these systems. 1, [13] [14] [15] [16] Interestingly, the Mn 2ϩ green-PL in the MnF 8 6Ϫ center is worthwhile for studying nonradiative processes in isolated impurities since multiphonon relaxation phenomena are a priori less probable than in MnF 6 4Ϫ red-PL systems, given that the number of phonons required to bridge the energy gap between the 4 T 1g excited state and the 6 A 1g ground state of Mn 2ϩ in fluorites is almost twice that in fluoroperovskites. Besides, the 4 T 1g → 6 A 1g PL placed at 2.53 eV ͑490 nm͒ in CaF 2 : Mn 2ϩ , decays with the longest lifetime ever measured among the transition metal ions (ϭ182 ms at 10 K͒ and its PL quantum yield is close to 1 (Ϸ1) at room temperature ͑RT͒ ͑Refs. 1 and 16͒. However, the Stokes shift for MnF 8 6Ϫ is by contrast significantly bigger than for MnF 6
4Ϫ
thus favoring multiphonon-relaxation phenomena in fluorites with respect to perovskites. 15, 17 The competition between energy gap and Stokes shift will finally determine conditions for radiationless phenomena.
In connection with this processes, PL changes unexpectedly along the fluorite series. Unlike CaF 2 : Mn 2ϩ , the isolated MnF 8 6Ϫ complex in isomorphous SrF 2 : Mn 2ϩ or BaF 2 : Mn 2ϩ is not PL either at RT or at any temperature at ambient pressure, respectively. 1, 15, 17 This surprising behavior is noteworthy for investigating nonradiative phenomena on the basis of structural correlations given that the local structure around Mn 2ϩ is known from EPR and optical spectroscopy. 8, 17 The aim of this work is to understand the microscopic origin of the excited-state relaxation phenomena leading to radiationless process in Mn 2ϩ -doped fluorites and how the a͒ Author to whom correspondence should be addressed. Electronic mail: rodriguf@unican.es host crystal affects it. This knowledge is crucial in order to control materials' PL. 7 For this purpose, we study the PL properties along the Ca 1Ϫx Sr x F 2 : Mn 2ϩ series by optical spectroscopy as a function of pressure and temperature. Attention is paid to the variation of the PL intensity, I PL , and corresponding lifetime, , with temperature through the complete series of PL materials, and as a function of pressure in both PL and non-PL systems. This procedure has shown to be an excellent method to elucidate whether the loss of PL and the subsequent PL quenching on passing from Figure 2͑a͒ depicts the excitation and corresponding emission ͑or PL͒ spectra for the luminescent materials of the Ca 1Ϫx Sr x F 2 : Mn 2ϩ series at ambient conditions. Excitation spectra have been normalized to the same intensity for comparison purposes. Note that the excitation spectra along the series are very similar and consist of four bands, which are characteristic of Mn 2ϩ in a cubal coordination. Within this cubic symmetry, the band assignment of Fig. 2 
The compound series exhibits a unique PL band, which is associated with the same MnF 8 6Ϫ formed complex. This band occurs at 2.53 eV ͑490 nm green-PL͒ in contrast to the red-PL of MnF 6 4Ϫ in the fluoroperovskites ͑1.45 eV͒ and is a consequence of the smaller CF in the fluorites ͑Table I͒. The fit 10Dq parameter and its variation along the series ͑Table I͒ follow the variation of R Mn-F given elsewhere. 27 Aside from this, the Mn 2ϩ PL in fluorites is noteworthy. Although the excitation spectra of Fig. 2 and Table I imply that the local structures of Mn 2ϩ are similar along the series, the PL intensities and lifetimes show a surprising behavior ͓Fig. 2͑b͔͒. While the PL is similar for xϭ0, 0.25, and 0.5 at ambient conditions, both I PL and decrease by a factor four for xϭ0.75 and disappear (I PL Ϸ0 and Ϸ0) for SrF 2 : Mn 2ϩ and of course for BaF 2 : Mn 2ϩ ͑Refs. 15, 17, and 21͒. decreases with the strontium fraction from 56 to 16 ms on passing from xϭ0.5 to xϭ0.75, and the general behavior of (x) shows a close correlation with I PL (x). Nevertheless, such a correlation between I PL an is not shown by the Stokes shift ͑Table I͒, whose value increases along the series: Abruptly from xϭ0 to xϭ0.25 and slightly from xϭ0.25 to 1. An adequate description of the PL behavior requires temperature-dependence studies, and especially when, as we show later, the nonradiative PL-quenching process is thermally activated. Mn 2ϩ at temperatures from 10 to 750 K. This figure shows that the PL strongly depends on the temperature and thermal quenching takes place above 600 K. The analysis of (T) indicates that there are several distinguishable contributions to the thermal evolution of the 6 (0) e Ϫt/ . The inset shows the variation of the emission spectrum along the series under the same excitation conditions. The integrated intensity obtained from the PL spectra follows the same behavior with x than the lifetime (x). I. Emission and excitation energies, together with the associated Stokes shift, measured by optical spectroscopy along the Ca 1Ϫx Sr x F 2 : Mn 2ϩ series for xϭ0, 0.25, 0.50, and 0.75 at Tϭ290 K. The calculated excitation energies are given in parenthesis, together with corresponding Racah parameters, B and C, and the crystal-field, 10Dq, parameter. The C/B ratio was obtained from the two 10Dq-independent 4 A 1g , 4 E g (G), and 4 E g (D) energies, while B and 10Dq derived by fitting using all transition energies. The Trees and Seniority parameters for Mn 2ϩ were kept fixed: ␣ϭ8.3 meV (67 cm Ϫ1 ) and Q ϭϪ16.2 meV (Ϫ131 cm Ϫ1 ) ͑Ref. 13͒. The fluorite lattice parameter of each crystal determined from x-ray diffraction is also included ͑Ref. 15͒. process and Ϫ1 (T). These can be described by two radiative and one nonradiative term through the equation:
The two radiative terms represent ͑1͒ the temperatureindependent transition rate, including contributions from the magnetic-dipole ͑MD͒ as well as ED components due to noncentrosymmetric static distortions, and ͑2͒ the ED vibration-assisted mechanism, where ED Ϫ1 is the ED rate from zero-point vibrations and u is the vibrational frequency. This term enables PL de-excitation through the ED mechanism in isolated centrosymmetric transition-metal complexes. 27 The third nonradiative term contains the rate for radiationless processes. 1, 15, 20 In the present systems, the nonradiative rates are well described by an Arrhenius-type law w NR ϭp exp(ϪE a /kT), where E a is the activation energy and p is the associated rate. Equation ͑1͒ implies that all these systems experience radiationless de-excitation upon increasing temperature. I PL (T) is related to this mechanism through rad Ϫ1 (T) and the PL quantum-yield, , as
where rad Ϫ1 is proportional to the integrated band intensity of the 6 A 1g → 4 T 1g band in the optical absorption spectrum. The long lifetime measured at low temperature, (10 K)ϭ186 ms, 1,15,20 is consistent with the doubly spin and parity forbiddances of the 6 A 1g ↔ 4 T 1g transition and characteristic of isolated Mn 2ϩ impurities. 16, [25] [26] [27] Similar thermal behaviors of the PL are also observed for the Ca 1Ϫx Sr x F 2 : Mn 2ϩ series, although the parameters involved in Eq. ͑2͒ vary with x, i.e., the strontium content. The PL along the series can be accounted for on the basis of findings in CaF 2 : Mn 2ϩ . Figure 4͑a͒ depicts the I PL (T) curves and the corresponding Ϫ1 (T) curves in a wide temperature range around the quenching temperature. PL quenching occurs at a different temperature for each crystal, as found previously. 15 Nevertheless, in this work, we report precise measurements of I PL (T) and ͑T͒ around the PL quenching and interpret them in terms of Eqs. ͑1͒ and ͑2͒. We have previously shown 19, 20 that the decrease of I PL (T) follows Eq. ͑2͒. In fact, the ln͓͓I PL max /I PL (T)͔Ϫ1͔ is linear with 1/T thus providing the values of E a directly. The so determined values are given in Table II and Fig. 5͑a͒ . The proposed de-excitation mechanism is also confirmed by the variation of Ϫ1 (T), whose experimental data and corresponding fits to Eq. ͑1͒ are given in Fig. 4͑b͒ . In contrast to I PL (T), Ϫ1 (T) not only provides the activation energy involved in the nonradiative process but also on the deexcitation rate, p. We obtain similar E a values either from I PL (T) or Ϫ1 (T), thus providing model consistency ͑Table II͒. From the data analysis we conclude that E a varies linearly with the strontium content along the series as E a (x) ϭ1.017-0.930 x. Or analogously, E a is linearly related to the lattice parameter, a, taking into account the linear dependence of a and x as a(x)ϭ0.35 xϩ5.46 ͑Ref. 15͒ So that E a (a)ϭ1.017-2.641͓aϪ5.46͔ ͑in eV and Å units for E a and a, respectively͒. A salient feature of the present work is the strong dependence of the pre-exponential factor, p, with either x or a. This parameter varies exponentially along the series according to Fig. 5͑b͒ as: p(x)ϭ6.5
•10
9 exp(Ϫ9.9x), or p(a)ϭ6.5•10 9 exp͓Ϫ28.1(aϪ5.46)͔. These results indicate that PL properties and quenching along the fluorite series can be explained on the basis of Eq. ͑1͒ with parameters E a and p depending on either x or a.
The question arising at this stage is whether the variation of E a along the series is due to the different chemical nature of the host cation either Ca 2ϩ or Sr 2ϩ ͑or Ba 2ϩ ) or it is directly related to the host crystal size, i.e., the lattice parameter. To determine which, we performed pressure experiments for selected compounds of the series. . The solid line represents the least-square fit to Eq. ͑1͒. The figure illustrates the three different contributions to the variation of (T) in terms of their associated transition rates: Figure 6 reports the pressure experiments on the most efficient of these PL materials. The PL lifetime is the appropriate parameter for the present study since it can be directly related to the microscopic model through Eq. ͑1͒. Figures 6 and 7 show the variation of the PL spectra and corresponding lifetimes as a function of pressure in CaF 2 : Mn 2ϩ and Ca 0.5 Sr 0.5 F 2 : Mn 2ϩ . These systems are interesting since Ϸ1 at ambient conditions, i.e., w NR Ϸ0, according to their respective p and E a values and Eq. ͑2͒. The PL spectrum of CaF 2 : Mn 2ϩ does not vary significantly with pressure. As Fig. 6͑b͒ shows, the transition energy slightly shifts to lower energy from 2.53 eV at ambient conditions to 2.52 eV at 4.3 GPa. However, ( P) increases from 86 ms at ambient pressure to 96 ms at 5 GPa. The increase of ប u with P cannot explain the observed variation in terms only of the Coth(ប u /2kT) factor. This term is estimated to account for not more than 50% of such variation if we assume that the Grüneisen parameter associated with the enabling mode is similar to ␥ϭ1.34 corresponding to the Raman a 1g mode for CaF 2 ͑Ref. 28͒. This assumption likely provides an overestimation of the pressure-variation of ប u since, in general, ␥ for stretching modes is usually greater than for bending modes. 29 Actually, the observed increase of ( P) can be explained taking into account an additional contribution associated with an enhancement of the vibration-assisted ED transition rate, ED Ϫ1 , by the reduction of R Mn-F with P. 20 In fact, a shortening of the Mn-F distance will increase the F Ϫ -to-Mn 2ϩ charge-transfer ͑CT͒ energy leading to a reduction of the 4 T 1g PL state mixing with odd-parity CT states, which are responsible for the ED enabling mechanism through vibrational assistance.
The experimental Ϫ1 ( P) data can be accounted for by including a pressure-dependent rate ED Ϫ1 ( P)ϭ ED Ϫ1 (0)Ϫ␣ P in Eq. ͑1͒ where ␣ is a positive value and the minus sign is related to the pressure induced reduction of the transition probability. The ( P) curve shown in Fig. 6͑b͒ for CaF 2 : Lines represent fits of the experimental data to Eq. ͑1͒. The variations are consistent with the de-excitation rates described by Eq. ͑1͒, and I PL (T) data of ͑a͒. The fits of Ϫ1 (T) to Eq. ͑1͒ provide the activation energies, E a (x), but also the pre-exponential factors, p(x), involved in the Arrhenius law governing the radiationless process. Table II collects [30] [31] [32] A pressure-induced enhancement of ( P) takes place also in the compound Ca 0.5 Sr 0.5 F 2 : Mn 2ϩ . Nevertheless, the main feature of the variation of ( P) in this system is the fluorite-to-cotunnite structural phase-transition ͑Fig. 1͒. Apart from Raman, phase-transition is evidenced by PL through the abrupt variation of both ͑from 56 to 13 ms͒ and the abrupt redshift of 0.11 eV at Pϭ5.2 GPa in upstroke. A similar but opposite variation is observed at 2.2 GPa in downstroke, thus indicating a pressure hysteresis of 3.0 GPa. Interestingly, the lifetime decrease in the cotunnite phase is not associated with an increase of radiationless phenomena given that I PL does increase with pressure along with this phase. The loss of inversion center in the ninefold coordinated MnF 9 7Ϫ in the cotunnite phase can explain this feature. Therefore, we associate the decrease of ( P) at phasetransition with the presence of noncentrosymmetric CF at the Ca 2ϩ or Sr 2ϩ sites in the cotunnite phase, which enables the ED mechanism. at ambient conditions. The behavior of ( P) in this pressure range can be accounted for on the basis of Eq. ͑1͒ by replacing E a ( P) by the corresponding E a (a) through the Murnaghan equation of state ͑EOS͒:
Low efficiency materials: Pressure-induced photoluminescence
͑a͒ Variation of the PL spectrum with pressure for Ca 0.5 Sr 0.5 F 2 : Mn 2ϩ at room temperature. ͑b͒ Evolution of the PL energy ͑top͒ and corresponding lifetime ͑bottom͒ with pressure. The abrupt jump of E( P) and ( P) observed at Pϭ5 GPa in upstroke corresponds to the occurrence of the fluorite-to-cotunnite phasetransition. The reverse behavior is observed at P ϭ2 GPa in downstroke thus indicating a phasetransition hysteresis of ⌬ Pϭ3 GPa. Lines are guides for the eye and show the pressure runs. 
and ប u ( P)ϭ20ϩ0.45 P ͑units in meV and GPa, respectively͒. In this system the nonradiative transition rate is w NR Ϸ0 in the whole pressure range ͑see text͒.
The line of Fig. 8͑b͒ has been 
, and 33͒. The fair agreement between calculated and experimental ( P) confirms the volume dependence of E a irrespective of the composition of the host crystal. Therefore, we conclude that the variation of Mn 2ϩ PL along the series must be ascribed to the change of volume provided by replacing Ca 2ϩ for Sr 2ϩ .
( P) decreases from 60 to 14 ms just above 4 GPa. However, this decrease is not accompanied by a loss of PL; indeed I PL ( P) increases above 4 GPa. Aside I PL ( P) and ( P), the PL change is also evidenced by an abrupt redshift of the PL band by Ϫ0.16 eV as it is shown in Fig. 8͑b͒ . Analogously to findings in Ca 0.5 Sr 0.5 F 2 : Mn 2ϩ , this PL behavior is associated with the fluorite-to-cotunnite phasetransition at 4.0 GPa in upstroke for the present system.
The relevance of the cotunnite phase to enhance PL properties in the title materials was previously pointed out. 21 The occurrence of this high-pressure phase is responsible for the appearance of Mn 2ϩ PL above Pϭ7.5 GPa in BaF 2 : Mn 2ϩ which is not PL at ambient pressure. 21 If this phasetransition did not occur the critical pressure required to induce Mn 2ϩ PL within the fluorite phase of BaF 2 is estimated to be Pϭ30 GPa according to Eq. ͑1͒ and the structural correlations established in Fig. 5͑b͒ and Table I . As we will see later, this pressure in BaF 2 roughly corresponds to a critical lattice parameter, a c ϭ5.75 Å, i.e., a relative volume reduction of ⌬V/V ϭϪ22%. In conclusion, Mn 2ϩ PL in the fluorite phase in BaF 2 : Mn 2ϩ is possible whenever the host crystal fulfills the condition aϽa c . Accordingly, the main reason for pressure-induced PL in the cotunnite phase in BaF 2 : Mn 2ϩ at moderate pressure is the important volume reduction of 10% attained at the first-order phase-transition at P ϭ1.7 GPa ͑Fig. 1͒.
Interestingly, the non-PL SrF 2 : Mn 2ϩ at ambient pressure becomes PL in the fluorite phase above Pϭ3.8 GPa in upstroke. 21 Above this pressure the condition a( P)Ͻa c for the occurrence of the Mn 2ϩ PL truly holds. Like BaF 2 : Mn 2ϩ , PL enhances upon phase-transition to the cotunnite phase at Pϭ4.0 GPa. Interestingly, Mn 2ϩ PL persists in the high-pressure cotunnite phase in downstroke due to the high phase-transition hysteresis. However, PL disappears below the phase-transition pressure in the recovered fluorite phase at Pϭ1.7 GPa. A complete account of this PL phenomenon was reported elsewhere. 21, 34 A salient feature is that the PL properties I PL (T, P) and (T, P) along the series as a function of temperature and pressure can be accounted for on the basis of Eq. ͑1͒ by renormalizing the Sr content, x, or the pressure, P, to the lattice parameter, a. Figure 9 displays the calculated (a) curve together with the experimental data obtained along the series at ambient pressure and from pressure spectroscopy.
It is worth noting the adequacy of Eq. ͑1͒ to explain the PL properties of the present systems not only in the fluorite phase but also in the cotunnite phase. The calculated (a) curves are referred to a distinct abscissa axis for each phase. The lattice parameter in the cotunnite phase ( Pnma) ͑Ref. 18͒ was derived from the corresponding orthorhombic parameters, a, b, and c, using: a cot ϭ(abc/2) 1/3 ͑Refs. 28 and 34͒. The curves were calculated from Eq. ͑1͒ using the same nonradiative rate term, w NR , for both phases but changing the radiative rate: 0 Ϫ1 ϭ2.6 s Ϫ1 and ED Ϫ1 ϭ3.5-0.16 P ͑in s Ϫ1 and GPa units͒ for the fluorite phase, and 0 Ϫ1 ϭ77.5 s Ϫ1 ( 0 Ϫ1 ӷ ED Ϫ1 ) for the cotunnite phase. As we suggested above, the increase of rad Ϫ1 in the cotunnite phase ͑i.e., reduction of rad ) is due to odd-parity components of the CF in the ninefold coordination geometry attained at the cation site in the cotunnite phase ͑Fig. 1͒. The increase of the ED transition probability thus reduces ( P) but increases I PL ( P). This model explains why the decrease of ( P) observed in Ca 0.25 Sr 0.75 F 2 : Mn 2ϩ above 4 GPa is associated with an increase of I PL ( P), in contrast to findings along the series at ambient conditions. In the former case PL changes are related to noncentrosymmetric CF at the cotunnite phase that mainly affects the ED radiative rate. In the latter situation, PL changes are governed by nonradiative processes, which mainly rely on the host crystal volume, but keeping the cubal symmetry at the cation site. Therefore, either an increase or a decrease of ( P) is always accompanied by a proportional change of I PL ( P), i.e., quantum yield, (P).
Interestingly, these results clearly point out that the PL quenching of Mn 2ϩ and the variation of E a along the series are not directly associated with the different chemical nature of Ca, Sr, and Ba, but related to the crystal volume per molecule. Consequently, I PL (T, P,x) and (T, P,x) are well described as a function of either T or P or x through Eq. ͑1͒ by renormalizing pressure data and series results to volume: I PL (T,V) and (T,V). Moreover, the radiationless rate is described by thermal activated processes with pre-preexponential factor and activation energy depending only on the crystal volume using the same parameters in both phases. This noteworthy result suggests that the nonradiative processes rely on the specific volume irrespective of the local structure around the Mn 2ϩ impurity. It turns out that nonradiative multiphonon relaxation can be strongly reduced in the high-pressure phase due to the important volume reduction. This tricky procedure of reducing E a together with the high phase-transition-hysteresis of these systems can indeed provide new ways for obtaining more efficient PL materials.
IV. CONCLUSIONS AND FINAL REMARKS
We have found a linear variation of the activation energy responsible for the nonradiative process and an exponential behavior of the pre-exponential rate with the specific volume. Thus, nonradiative multiphonon relaxation is enhanced and consequently PL quenched with increasing the host volume. This situation can be reversed by pressure, which modifies E a and induces a phase-transition to the cotunnite phase with an important volume reduction (V cotunnite /molϳ0.9 V fluorite /mol) ͑Refs. 28, 34, and 35͒.
We have shown that PL efficiency along the series as a function of pressure and temperature is mainly related to changes of the nonradiative rate through p and E a irrespective of the fluorite or cotunnite phase. We describe the associated nonradiative transition rate through an unique expression for all these systems in both phases. The increase of PL, i.e., increase of E a and decrease of p, is due to the reduction of the cation host size either along the series or in the cotunnite phase in comparison to the fluorite phase. Therefore, the PL decrease by increasing volume is interpreted as the MnF 8 6Ϫ unit has more space to distort in the excited state, thus leading to a higher Huang-Rhys factor along the series, as it is revealed by the increase of the Stokes Shift on passing from CaF 2 to SrF 2 or BaF 2 . The reduction of the electronic transition rate, p, is likely associated with an effective reduction of the electronic interaction responsible for the nonradiative 4 T 1g → 6 A 1g relaxation. The increase of the Jahn-Teller effect in the excited state with increasing volume can probably account for this effect ͑Ham effect͒. Work along this line is currently in progress.
According to correlations established between the activation energy, E a , and the crystal volume, V ͑and subsequently the lattice parameter, a) along the Ca 1Ϫx Sr x F 2 : Mn 2ϩ series, the structural requirement to induce Mn 2ϩ PL in difluorides irrespective of the host crystal structure is a crystal volume smaller than 29 cm 3 mol Ϫ1 . Therefore, we could induce PL by applying pressure whatever the lattice parameter decreases below the critical value, a crit ϭ5.75 Å.
The pressure-induced phase-transition has revealed the cotunnite phase as an efficient structure for PL to occur. The phase-transition also affects the radiative ED transition rate, ED Ϫ1 , because of the low-symmetry CF at the impurity site. The volume reduction involved in the fluorite-to-cotunnite phase-transition favors PL recovering even in non-PL materials like SrF 2 : Mn 2ϩ and BaF 2 : Mn 2ϩ . This phasetransition and particularly the stabilization of the cotunnite phase at ambient conditions can be an attractive way of improving Mn 2ϩ PL. The search of materials with large hysteresis offers alternative strategy of this phase at ambient pressure, thus providing new ways for improving PL materials on the basis of high-pressure transformations. 1/3 where a, b, and c are the orthorhombic lattice parameters. Solid lines have been calculated through Eq. ͑1͒ using parameters obtained from intensity and lifetime measurements performed along the series as a function of the temperature
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